Background and Purpose-Transient ischemic attack (TIA) is a marker for early risk of stroke. No previous studies have assessed the use of urgent stroke prevention clinics for emergency department (ED) patients with TIA. We hypothesized that an ABCD2-based ED triaging tool for TIA with outpatient management would be associated with lower 90-day stroke rate than that predicted by ABCD2. Methods-A cohort of prospectively identified patients presenting with symptoms suggestive of TIA seen in 2 tertiary-care
T ransient ischemic attack (TIA) is a marker for early risk of stroke. Stroke risk is 10% during the 90 days following TIA, [1] [2] [3] [4] and 25% of all strokes are preceded by a TIA. 5 The occurrence of a TIA provides a unique opportunity for stroke prevention. Symptoms of TIA are nonspecific, and false-positive rates in the ED can be as high as 60%. 6 Stratification techniques are required to effectively prioritize high-risk patients for urgent management. The ABCD2 score was devised to identify those patients with the highest risk of stroke following TIA; those classified as "high risk" carry a stroke risk of 17.8% at 90 days post TIA. 7 Previous studies have suggested improved outcomes by referral to dedicated clinics 8, 9 or by hospital admission. 10, 11 Application of these models is limited by resource constraints related to the random nature of events, which may overwhelm capacity and costs associated with inpatient care. No previous studies have assessed the use of urgent stroke prevention clinics for patients in the ED with TIA.
In this study, we identified and followed a prospective cohort of patients presenting to 2 tertiary EDs (combined annual census of 120 000 visits); these patients were diagnosed with TIA and were referred to a comprehensive stroke prevention clinic. We hypothesized that an ABCD2-based ED triaging tool for TIA with outpatient management stratified by risk would be associated with lower 90-day stroke rate than that predicted by the individual patient ABCD2 scores.
Methods

Design and Setting
This prospective cohort study was conducted at the 2 emergency departments of the Ottawa hospital. This is a 1172-bed, tertiary-care, regional stroke referral center with 126 850 emergency visits per year divided between 2 emergency departments. Local ethics board approval was obtained prior to the initiation of this study, and the data were collected by chart review, phone interview, and Stroke Clinic follow-up. department with a confirmed stroke (ie, neurological deficit Ͼ24 hours); decreased level of consciousness (ie, Glasgow Coma Scale score of Ͻ15); cause for the deficit was other than TIA (e.g., hypoglycemia, seizure, electrolyte imbalance, or migraine); presentation to the enrolling ED more than 7 days following onset of most recent TIA. A standardized data collection form was completed by the emergency physician at the time of presentation and the following information was prospectively collected: history of neurological symptoms, physical findings, ECG and CT head results, past medical history, medication history and medications started or discontinued in the ED, and ABCD2 score for each patient. The data collection form also included an option to have the patient referred to the Stroke Clinic for follow-up. Only those patients referred to the Stroke Clinic for follow-up were included in the final analysis.
Emergency Department Management
All subjects had blood work taken, including complete blood count, electrolytes, renal and liver function, and international normalized ratio. An electrocardiogram and computed tommography head scan were performed while in the ED. Fasting blood glucose, lipids, carotid Dopplers, and echocardiogram 24-hour Holter monitor were scheduled as outpatient visits. Emergency physicians had the option of consulting the neurology service. They prescribed medications at their own discretion. Recommendations with respect to antiplatelet and antihypertensive agents were provided by the Stroke Clinic based on current guidelines.
Follow-Up in the Stroke Clinic
In January 2007, a dedicated and comprehensive Stroke Clinic was established at the Ottawa Hospital to provide rapid, standardized assessment and treatment for patients at risk for stroke. Only patients referred to the Stroke Clinic from the ED at the Ottawa Hospital were included in this study. These patients were divided into 3 strata based on their ACBD2 score, and triage targets were set for each stratum. Specifically, patients classified as high risk (ABCD2 Ն6), moderate risk (ABCD2 ϭ4 to 5), or low risk (ABCD2 Ͻ4) were scheduled to see a stroke neurologist within 7 days, 7 to 14 days, or more than 14 days of the index TIA, respectively. In all instances, carotid Doppler, echocardiagram, fasting glucose, and lipids were obtained prior to the clinic visit. All patients received the same standard of care in the Stroke Clinic regardless of their risk score. Test results were reviewed with patients during their appointments, and any necessary medication changes were made.
Primary and Secondary Outcomes
The primary outcome was stroke within 90 days of index TIA. Secondary outcomes were recurrent TIA, myocardial infarction, or death within 90 days. Outcomes were assessed using a validated, standardized telephone questionnaire 12 and chart review. If the occurrence of TIA or stroke was confirmed by a neurologist, it was deemed a subsequent event. Other outcomes were adjudicated by a 3-physician committee, which was blinded to the initial data collection form and ABCD2 score (and its components).
Statistical Analysis
Data were collected and analyzed in SPSS 17 (SPSS Inc, Chicago, Ill). The risk of stroke was calculated for the cohort as a whole and for the each stratum independently. Fisher exact test was used to compare the number of strokes at 90 days with that predicted by the ABCD2 score for each stratum, and for the cohort as a whole. Continuous data are presented as meanϮSD where applicable. ABCD2 scores are presented as median with interquartile range.
Results
One-thousand, ninety-one patients were given a final diagnosis of TIA, and 1004 patients (92% of TIAs) were referred to the Stroke Clinic for assessment. After referral, follow-up data were not available for 22 patients, leaving a total of 982 patients for final analysis ( Figure 1 ).
Baseline characteristics of all patients referred to the Stroke Clinic are shown in Table 1 . Sixty-eight percent of all patients arrived less than 24 hours after the onset of symptoms, and 63% of all patients reported that the symptoms lasted for at least 1 hour. Only 1.6% of all patients diagnosed with TIA were admitted from the ED. Eight percent (nϭ81) Figure 1 . Study design. Only patients given a final ED diagnosis of TIA were included in this study. After referral to the Stroke Clinic, patients were triaged based on their ABCD2 score. Patients high risk, moderate risk, or at low risk were scheduled to see a stroke neurologist within 7 days, 7 to 14 days, or more than 14 days of the index TIA, respectively. All patients received the same standard of care regardless of their risk strata.
of cases were discussed with a neurologist while the patient was in the ED, whereas a neurologist was consulted in 5% (nϭ53) of all cases. Baseline characteristics between patients referred to the Clinic and those not referred were generally very similar; however, some differences were apparent. Specifically, there was no significant difference in the number of females (49.1% compared with 52.8%, Pϭ0.50) or the number of patients with a prior history of stroke (11.7% compared with 16.0%, Pϭ0.23). However, patients not referred were more likely to be admitted to the hospital (1.6% compared with 15.7%, PϽ0.0001) for their index event.
On arrival at the ED, 41% and 27% of all patients were already taking an antihypertensive medication or a statin, respectively (Table 2) . Thirty-five percent (nϭ343) of patients were already taking an antiplatelet agent on arrival to the ED, while 90% (nϭ887) of patients left the ED on at least 1 antiplatelet agent. Of those patients not on an antiplatelet agent at discharge, 50% (nϭ48) were already taking or were started on Warfarin in the ED. Forty-five percent of patients (nϭ443) had evidence of carotid stenosis identified by carotid Doppler, while less than 1% of patients (nϭ5) underwent carotid endarterectomy. None of the patients who underwent carotid endarterectomy were admitted to the hospital during their initial visit. The time between presentation and outpatient carotid Doppler, echocardiogram, or Holter monitoring is shown in Table 3 .
The overall stroke risk at 90 days was 3.2% ( Figure 2) , with almost one third of the strokes occurring within 2 days of the index TIA (Table 4 ). The risk of subsequent TIA at 90 days was 5.5% (Figure 2) , and in contrast to stroke, almost half of all the recurrent events occurred between 30 days and 90 days (Table 4 ). All-cause mortality was 1.7% at 90 days of index TIA, and in 3 of these patients, stroke was the cause of death. None of the patients not referred to the clinic had a stroke within 90 days of index TIA.
The risk of stroke was significantly lower than that predicted by ABCD2 at 90 days for patients in each risk category and for all patients combined (Table 5 ). There was no significant difference in the stroke risk between patients in the moderate risk (ABCD2ϭ4 to 5) and high-risk (ABCD2 Ն6) groups (Pϭ0.40). The median ABCD2 score for patients referred to the Clinic was 4 (3, 5) compared with 5 (3, 6) for patients who were not referred. The median ABCD2 score for patients seen by a neurologist in the ED was 5 (4, 6).
Discussion
In our study, patients with TIA presenting to a tertiary-care ED were risk stratified and managed urgently by an outpatient Stroke Clinic, yielding a 90-day stroke risk of 3.2%. This risk is one third of that which was predicted by the ABCD2 score for this cohort. 7 We believe that the reduced stroke rate can be attributed to the system of care that combines the ED care and the clinic process. 
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The ABCD2 score allows for the stratification of patients based on demographic and clinical features to expedite management for those at high risk of stroke. 7 The present study is the first to use the ABCD2 score as a prospective triage tool for patients who were diagnosed with TIA in the ED and referred to an outpatient Stroke Clinic. Although all patients received similar medical care in the ED based on an institutional algorithm, the triage tool was used to determine how quickly a patient would be seen in the Stroke Clinic. Investigations and treatments were subsequently catered to each patient by the treating stroke neurologist. Most patients received carotid Doppler imaging within 2 weeks of their index event, a time frame previously identified as having the most significant benefit from endarterectomy. 13 
Study Strengths
Our cohort was prospectively identified, consecutive, and followed for the occurrence of endpoints through a phone contact system. Medical records were routinely reviewed to ensure that all possible endpoints were collected. Standardized data forms were used along with adjudication of neurological events not identified by a neurologist. It is unlikely that endpoints were missed.
Limitations
Given the observational nature of this study, there are several limitations. First, this cohort was restricted to comparisons with predicted risks. Second, without baseline magnetic resonance imaging or computed tommography angiogram, we were unable to establish whether early strokes were due to progression of initial symptoms or a new event. This information would be relevant for developing interventions that differentiate between stroke prevention and infarct extension.
Third, our data do not allow us to distinguish between the impact of ED interventions and the Stroke Clinic interventions. The low stroke rates suggest that outpatient care results in acceptable outcomes. Additional work is needed to identify the relative contribution of the initial management to these outcomes. Finally, we were unable to account for patient compliance with medications prescribed.
The present study is unique in that after ED discharge, patients were followed by a stroke neurologist in a comprehensive and dedicated Stroke Clinic. In contrast, patients in the SOS-TIA study were referred back to their family physician with targets for modifiable risk factors, while in the EXPRESS study, no follow-up details were provided. 8, 9 In addition to ED treatment algorithms and time-to-strokeclinic assessment, it is possible that ongoing management from the specialized clinic contributed to lower rates of 90-day stroke; the literature suggests risk factors are often suboptimally managed in the community and can benefit from Stroke Clinic involvement. 14, 15 
Clinical Implications
There is mounting evidence that specialized clinics for managing patients with TIA are associated with a reduced risk of stroke. The EXPRESS and SOS-TIA studies demonstrated that the implementation of rapid-access clinics to assess and initiate treatment following TIA was associated with a 2.1% and 1.2% risk of 90-day stroke, respectively. 8, 9 In these studies, patients with a suspected TIA were referred primarily from community clinics; in our study, patients originated from tertiary-care EDs, with one third presenting by ambulance, possibly reflecting a more acute population. Furthermore, the median length of symptoms was considerably longer in our study, suggesting a more severe presentation and a higher risk of stroke. Despite these differences, the community-based studies and our study all found significantly lower rates of stroke than would be expected based on ABCD2 scores. This lower event rate likely reflects more rapid, complete management than it did during the time of the ABCD2 study. Notably, our study found no difference in the rate of stroke between the medium-(ABCD2ϭ4 to 5) and high-risk (ABCD2 Ͼ6) groups; thus, patients at highest risk may have benefitted most from improved management strategies.
An alternate approach for TIA management is brief admission and observation. One study admitted nearly 70% of all patients diagnosed with a TIA and demonstrated an overall 2.4% risk of stroke at 90 days. 11 More recently, a Canadian study proposed admitting high-risk TIA patients for rapid evaluation, resulting in a 4.7%, 90-day stroke rate with this approach. 10 Conversely, only 3.6% of our high-risk TIA population was admitted, with a comparatively low 90-day stroke rate of 3.2%. Our study demonstrates that reductions in stroke risk can be achieved without admission to a hospital.
Research Implications
An intriguing finding in this study was the discrepancy between the timing of stroke as compared with recurrent TIA: almost one third of all strokes happened within 48 hours of the initial event, whereas almost half of recurrent TIAs occurred between 30 days and 90 days. Recent magnetic resonance imagaing studies suggest that early strokes are in fact a progression of the initial event, and it may be the case that a subset of our patients with early stroke represented either fluctuating lacunar syndromes, or infarction following partial large vessel occlusions. 16 Additional studies with baseline computed tommography-angiography and/or magnetic resonance imaging are required to explore this.
Conclusion
Our study demonstrated that an ABCD2-based TIA triage rule in a tertiary-care ED with rapid-access Stroke Clinic follow-up resulted in a low 90-day stroke rate. This low rate was achieved without requiring hospital admission in highrisk patients. These results demonstrate that low rates of stroke are achievable without costly hospitalization through a well-organized regional outpatient stroke prevention clinic.
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